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In recent years, domino and cascade reactions have attracted the interest of organic chemistry research, as they constitute a powerful tool for the formation of several bonds in a one-step process. 1 The application of these reactions in the field of 15 organocatalysis 2 is particularly appealing because it can lead to the formation of complex structures with high stereoselectivities, in an operationally simple and straightforward manner. Amongst the numerous strategies employed in this category, 3 domino Michael-Henry reaction 4 plays a pivotal role as these reactions 20 constitute two of the most widely used reactions in organic asymmetric synthesis.
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In line with our latest studies on the asymmetric Michael addition of ketones to nitroalkenes utilizing bifunctional organocatalysts, 7 we became interested in the use of 1, cyclohexanedione as the Michael donor. Rueping et al and Zhao et al reported the tandem Michael-Henry reaction of 1,2-cyclohexanedione with nitroalkenes. 8, 9 The only example utilising a modified tricarbonyl 1,4-diketone has been reported by Zhong and co-workers. 10 Bearing in mind these literature reports, 30 we envisaged that 1,4-cyclohexanedione could be used for the first time in a such a reaction and could also undergo a similar reaction sequence to assemble a multifunctionalized bicyclo[3. We initiated our study by choosing as a model reaction the 40 addition of 1,4-cyclohexanedione 1 to phenyl nitrodiene 2a in the and it remains underdeveloped in comparison to the extensively studied nitrostyrenes. Indeed, proline enabled the reaction 55 forming the bicyclic compound 3a in excellent yield but in a nearly racemic form. This result led us to the assumption that the domino Michael-Henry reaction proceeds through an enamine activation mode, 12 as opposed to the existing protocols 8,10 that suggest the formation of the enolic tautomer of the dione by a 60 cinchona-alkaloid derived catalyst. To support our hypothesis, we repeated the reaction using catalytic amounts of tertiary amine bases that cannot form an enamine intermediate with the dione. Thus, we tested an achiral base, such as DABCO, and a bifunctional base, such as quinine, and in both cases no reaction 65 took place.
Based on these observations, we set out to develop an asymmetric version of this domino reaction. Several bifunctional catalysts were screened, but only the proline derived catalysts I-III displayed noteworthy effects on the outcome of the reaction ( With optimal conditions in hand, the scope and limitations of our method was studied. An array of aromatic nitrodienes bearing electron-donating or electron withdrawing substituents on the 30 phenyl ring could be well tolerated, delivering the bicyclic products 3a-e in good to high yields and excellent enantioselectivity ( Table 2 , entries 2-5). Nitrodiene 2f bearing a methyl group at the α-position with respect to the phenyl ring, was also successfully employed (Table 2, entry 6).
35
To broaden the scope of our methodology, nitrodienes were replaced by aromatic nitrostyrenes as the electrophilic partner. Unfortunately, when we employed the same reaction conditions The enantiomeric excess (ee) was determined by chiral HPLC. d 10 mol% of catalyst I and 4-NBA were used.
used for nitrodienes, we encountered a significant handicap with 55 trans-β-nitrostyrene 4a. The reaction rate was much slower (a reaction time of 4 days was required in order to reach completion), while simultaneously the second, intramolecular ring closing, step experienced difficulties in advancing, thus leading to the formation of intermediate 6a in 10% yield (Table 3,   60 entry 1). The latter was probably due to steric repulsion and/or stabilizing factors from the adjacent bulky phenyl group. To overcome this obstacle, 20 mol% of catalyst I was used and the desired product 5a was delivered as a single diastereoisomer in 86% yield and 93% ee (Table 3 , entry 2). Having established the 65 optimal reaction protocol, a variety of substituted aromatic nitrostyrenes was investigated. Aromatic groups with electronrich and electron-deficient substituents were successfully utilized to form the bicyclic products in high yield and with excellent ee values ( Table 3 , entries 3-7). In addition, nitrostyrenes bearing 70 heteroaromatic as well as other aromatic groups were also well tolerated (Table 3 , entries 8, 9). It should be noticed that a small percentage of the Michael adduct 6 was observed in all cases, lowering the yield of the desired product. All attempts to force the second ring closing step on 6 by adding a base in the product 75 mixture resulted in the epimerization of the α-nitro carbon centre of 5 and subsequently retro-Henry degradation. The products were separated by FC chromatography.
The absolute configuration of the products was indicated by Xray crystallographic analysis 14 of a crystal of compound 3a
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( Figure 1 ). On the basis of this result, a plausible mechanistic pathway is proposed to account for the stereochemical outcome of this reaction (see ESI †).
In conclusion, we have developed an unprecedented organocatalytic asymmetric addition of 1,4-cyclohexanedione to 85 aromatic nitrodienes and nitrostyrenes, leading to complex 
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